Hg during helium ventilation (95 percent He:5 percent CO,). Even at these low values for alveolar Po,, the mitochondrial space was not completely reduced. This indicates some mitochondrial oxidative activity when alveolar Po, was in the 0.5-1.0 mrn Hg range.
These studies have demonstrated substrate oxidation and respiratory control with isolated lung mitochondria. Measurements of surface fluorescence and tissue redox couples show intracellular reduction of pyridine nucleotides in response to oxidative inhibitors. These studies indicate in situ activity of lung mitochondria and demonstrate the involvement of these organelles in mainte nance of lung intracellular redox state. An additional feature of lung mitochondria is the relatively rapid rate of a-glycerophosphate oxidation and the CaU requirement for activation of lung mitochondrial aGP dehydrogenase. Inbcellular Ca* may influence the aGP/DHAP ratio and thereby determine the relative availability of these triose phosphates for incorporation into lung phospholipids.
Activity of lung mitochondria was studied with a preparation of isolated mitochondria. This was correlated with responses of the isolated perfused lung as determined from surface fluorescence measurements and tissue redox couples. Lung mitochondria demonstrated substrate oxidation, respiratory control, and Ca++ activation of a-glycerophosphate dehydrogenase. In response to oxidative inhibitors, the isolated lung showed increased surface fluorescence and increased tissue ratios of redox couples indicating reduction of pyridine nucleotides. The results demonstrate functional activity of lung mitochondria in situ. S tudies in a number of laboratories have demonstrated the lungs of several species,'-' including man,5 have the capacity to remove varying amounts of the biogenic amines 5-hydroxytryptamine (5-HT) and norepinephrine (NE) from the pulmonary vascular space. Removal in these cases is equivalent to functional inactivation of these amines, since they are extensively deaminated within the lung to physiologically inactive products by the enzyme, monoamine oxidase (MAO).S14 Recently, there has been increasing recognition that MAO, at least in broken cell preparations, exists in several forms that can be differentiated on the basis of their substrate and inhibitor ~pecificities.6.~ The type A form of mitochondrial MA0 which metabolizes 5-HT and NE is selectively inhibited by clorgyline, harmaline and related alkaloids.8 The type B form of mitochondrial MA0 deaminates benzylamine and the endogenous biogenic amine, phenylethylamine, and is inhibited selectively (except in the rabbit) by deprenyl and pargyline. A third form of arnine oxidase found in plasma and the microsomal fraction of several a r t e r i e~~~~l~ metabolizes phenylethylamine and benzylamine and is inhibited specifically by semicarbazide. It should be emphasized that the existence of these different forms of amine oxidase in the intact organ has not been demonstrated and therefore their physiologic significance is presently unclear. Since perfused lung is capable of extensively deaminating the biogenic monoamines, it was of interest to use this preparation in an attempt to demonstrate multiple forms of the oxidase in a morphologically and functionally intact organ. Experiments were carried out using rabbit lung preparations perfused in a manner previously described by Gillis and Iwasawa.12 Left and right lungs were perfused independently at a constant rate of 10 mVmin with Krebs bicarbonate medium for a 20 min equilibration period. Subsequently, both lungs were perfused with solutions of Krebs medium containing either 1"-phenylethylamine (PEA) or 14C-5-hydroxytryptamine (5-HT) via the first branches of the pulmonary artery and the effluent from each lung was collected independently. The MA0 inhibitors pargyline, semicarbazide, or harmaline were added to the Krebs medium containing the 1%-labeled mine for perfusion through either the right or left lung. The untreated lung of each pair served as the control. Lungs to be exposed to the amine oxidase inhibitors, were also pretreated by perfusion for 15 minutes with these substrates before perfusion with the 14C-monoamines and inhibitors were started. Aliquots of the total effluent, or individual fractions of effluent, were passed over columns of Bio Rex-70 cation exchange resin to separate unchanged PEA or 5-HT from their respective acid metabo1ites.13
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In lungs perfused with 14C-PEA alone 60 to 80 percent or total radioactivity in the venous effluent was in the form of dearninated products. Table 1 with either "C-PEA in one lung or simultaneously with l4C-5-HT in the contralateral lung. As illustrated in Figure 1 , which presents the results of a typical experiment, the production of 5-hydroxyindole acetic acid in the presence of harmaline was progressively reduced to about 30 percent of its original value while the acid metabolite of phenylethylamine was produced at its normal rate despite the presence of this inhibitor. It must be emphasized that during harmaline perfusion the uptake of =*-PEA or lC-5-HT into the lung was a t e r e d . Accordingly, it must be concluded that harrnaline inhibited the type A form of MA0 in lung.
We believe these data represent definitive evidence for the existence of three f o k s of amine oxidase in an intact perfused organ. Although the location of the N e r e n t forms of enzyme cannot be determined from our studies, previous work from our laboratory1' has demonstrated that following inhibition of MA0 by pargyline, both 5-HT and NE fluorescence is .found predominantly in the capillary endothelium of rabbit lung. Therefore, it is possible that all three forms of the amine oxidase are associated with this cell type. Certainly the fact that the dearninated product of 14C-PEA appears so rapidly in the venous effluent suggests that the enzymes responsible must be located relatively close to the vascular space. Dr. Said: You have been able to separate the two processes that must be involved in the removal by the lung of biogenio amines; namely, the uptake itself and then the enzymatic degradation. It appears that even if you inhibit the enzymes responsible for the inactivation of the various biogenic amines that the lung continues to extract these atnines because you see them concentrated in the endothelial cells and you find in your radioisotope experiments also that they are taken up quite independently of the enzymatic d b d a t i o n .
Dr. GiUis: Yes, I think that is true. The rate-limiting process in the overall removal, if one can consider the transport and subsequent metabolism as constituting removal, is the transport into the site of metabolisxp.
Crosslinking and Carbohydrate Studies on the Hydroxylated
proteinosis lavage material was reduced wi* NaH8B, in the presence of 1 percent SDS.' After hydrolysis and ion exchange chromatography, the profile of tritium
Glycopeptides which Accumulate in
incorporation demonstrated the apparent presence of hvdroxvnorleucine (HNL), the reduced form of the
Alveoli and Lamellar ~odies"
c~ossli& precursor b-amid adipic semi-aldehyde, and ? k~! T wo hydroxylated glycopeptides (apparent MW 62,000 and 36,000) accumulate in alveoli of patients with alveolar proteinosisl and can also be isolated in small (1-3 mg) quantities from normal rabbit and dog lungs.2 The peptides contain 1.5 percent hydroxyproline, 0 percent hydroxylysine, 15 percent glycine, 6.4 percent proline, 2.5 percent galactose, 1 percent mannose, 0.7 percent fucose, 0.6 percent glucosamine, and 1.2 percent sialic acid. Cyanogen bromide cleavage studiesS of the 36,000 MW peptide revealed three major components of apparent MW on SDS gels of 18,000, 12,000 (which both mtained 1.3 percent OHPRQ and 16 percent glycine) and 6000, which contained 1.2 percent OHPRO and 11.7 percent glycine and is probably heterogeneous. The two heavy fragments contained all the carbohydrate. These CNBr fragments &us appear to d8er from the known CNBr fragments of collagpn. We recently have performed the following studies to attempt to clarify the nature and origin of these glycopeptides : 
) Crosslinking

